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SYNTHESIS OF NEW 1H-1,2,4-TRIAZOLYLCOUMARINS 

AND THEIR ANTITUMOR AND ANTI-HIV ACTIVITIES 

 
Y. A. Al-Soud1, I. A. Al-Masoudi2, B. Saeed3, U. Beifuß4, and N. A. Al-Masoudi5

 
A variety of 7-[(1,5-dialkyl-1H-1,2,4-triazolyl)methoxy(and methyl)]coumarins were synthesized from 
cycloaddition of 2-(2H-benzopyran-7-yloxy)acetonitrile and 2-(5-methoxy-4-methyl-2H-benzopyran-7-
yloxy)acetonitrile, respectively, with various reactive cumulene C=N=N

+  intermediates via 
spontaneous rearrangements. The anticancer (breast, lung, CNS cancers) and antiviral (HIV-1, HIV-2) 
properties of some compounds were investigated in vitro. 5-Methoxy-4-methyl-7-[(6,7,8,9-tetrahydro-
5H-[1,2,4]triazolo[1,5-a]azepin-2-yl)methyl]coumarin showed some inhibition of HIV-1. 
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 Several coumarins constitute an important class of naturally occurring compounds with useful 
pharmacological activity [1-6] as antibacterial and antifungal agents [7, 8], and as serine protease inhibitors [9]. 
Geiparvarin 1, a naturally occurring product bearing the coumarin residue, has been shown to possess a 
significant inhibitory activity against a variety of cell lines including sarcoma 180, Lewis lung carcinoma, P-388 
lymphocytic leukaemia, and Walker 256 carcinosarcoma, [10, 11]; meanwhile some Geiparvarin analogues 
showed interesting biological activity [12]. Warfarin and some bis-hydroxycoumarins have been used as oral 
anticoagulants [13], β-adrenergic blocking agents [14], and vasorelaxants [15]. Recently, cloricromene, a 
coumarin derivative, was reported as a protector against collagen-induced arthritis in Lewis rats [16]. New 
furanocoumarin ethers of falcarindol, named japonagelol, have been prepared as novel antiproliferative agents 
[17]. 
 On the other hand, it was reported that compounds having triazole moieties, such as vorozole, letrozole, 
and anastrozole, appeared to be effective aromatase inhibitors, which in turn prevented breast cancer [18-20]. 
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 The biological importance of coumarin and 1,2,4-triazole prompted us to synthesize new 1,5-1H-1,2,4-
triazole derivatives containing a coumarin backbone, which would be favorable in achieving some specificity of 
pharmacological action in view of the development of effective clinical anticancer and anti-HIV drugs.  
 Recently, we synthesized a variety of 1,5-dialkyl-1H-1,2,4-triazoles bearing different precursors such as 
C-nucleosides [21, 22], acyclic C-nucleosides [23], pyrimidines [24], N-alkylphthalimides [25], 
D-mannopentitol-1-yl-1,2,4-triazoles [26], 1H-indoles [27], quinolones [27], benzotriazoles [28], 
3'-triazolothymidines [29], acetic acid alkylidene hydrazides [30], and 1,4-disubstituted piperazines [31-33]. 
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 In the present study 2-(2H-benzopyran-7-yloxy)acetonitrile (3) was selected for the synthesis of new 
1,2,4-triazole precursors. Nitrile 3 was prepared by treatment of 7-hydroxycoumarin (2) with 2-chloroacetonitrile 
in DMF containing K2CO3 [34]. The reactive intermediates 5 were obtained from the α,α'-dichloroazo 
compounds 4 [35] by treatment with SbCl5 at -60°C. At approximately -30°C, the color changed from orange to 
brown, indicating that cumulenes 5a-e underwent cycloaddition reactions with nitrile 3 to give inseparable 1,2,4-
triazolium hexachloroantimonates 6a-e. After increase in the temperature above -30°C, compounds 6a-e 
rearranged spontaneously to the intermediates 7a-e by migration of the alkyl group at C-3' via [1,2]-migration 
[36, 37] to N-5' accompanied by the elimination of the CMe2Cl group at N-1' leading to the protonated 7-(1,5-
dialkyl-1,2,4-triazol-3-ylmethyl)coumarin salts 8a-e. In situ deprotonation of salts 8a-e with aqueous NaHCO3 
and NH3 solution gave the desired products 9a-e in 72-85% yield. 
 Compounds 9a-e were identified by the 1H and 13C NMR spectra, which are in agreement with those of 
coumarin analogues obtained previously [13, 33]. The CH2 signal appeared as a singlet at the region of δH 
5.01-5.10. The alkyl groups at N-1' and C-5' of the triazole ring were assigned. The signals of olefinic protons H-
3 and H-4 appeared as two doublets at the regions of δH 6.19-6.22 and 7.60 ppm, respectively, with J ~ 8.4 Hz, 
while H-6 and H-8 appeared as multiplets in the range of δH 6.92-6.95 ppm. The 13C NMR spectra of compounds 
9a-e contained similar resonance signals of the coumarin ring carbons C-2 – C-8a. The chemical shifts between 
δC 161.5-161.8 ppm were assigned to the carbonyl group of the benzopyran ring (C-2). The higher-field signals 
at δ 161.1 and 151.8-155.6 ppm were attributed to C-3' and C-5'. The resonance at δC 157.3-158.3 and ~102.0 
ppm were assigned to the coumarin carbons C-8a, C-7, and C-8', respectively. CH2 signals appeared between δ 
63.8-64.0 ppm, whereas the alkyl groups at C-3' and C-5' resonated in the range of δC 43.1-11.8 ppm. 
 Compound 9e was selected for homo- and heteronuclear NMR study. The gradient selected HMBC [38] 
spectrum allowed via 2JC,H and 3JC,H couplings the assignment of most of the carbon atoms. C-3' and C-7 at 
δC 161.1 and 158.3 were identified from their 2JC,H and 3JC,H correlations to CH2 at δH 5.01, respectively, while 
C-5' at δC 151.8 was identified from its 2JC,H and 3JC,H correlations to CH2-6' at δH 2.92, and CH2-10' at δH 4.22, 
respectively. The NOESY spectrum of compound 9e showed a JH,H correlation for the olefinic protons H-3 
(δH 6.91 ppm) and H-4 (δH 7.60 ppm). Its mass spectra exhibited the correct molecular ion [M]+ (311).  
 Our investigation into the synthesis of new potential coumarin derivatives bearing 1,2,4-triazoles has 
been extended starting with the coumarin backbone having a cyanomethyl group in position 7 as a comparative 
example for the cyanomethoxy derivative 3. Thus, 2-(5-methoxy-4-methyl-2H-benzopyran-7-yloxy)acetonitrile 
(10) [39] was used as a starting material in our new route. Compounds 11a,b were synthesized in 85 and 75% 
yield, respectively, from cycloaddition of nitrile 10 with cumulenes 5a,e following the same procedure used for 
preparation of 9a-e (Scheme 2). The structures of compounds 11a,b were assigned from the 1H, 13C NMR, and 
mass spectra, which demonstrated a similar pattern to those of the oxygen analogues 9a,e. 
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 Compounds 9a,c,e and 11a,b have been selected by the National Cancer Institute (NCI) for primary (one 
dose, 10-4 M) anticancer in vitro screening against three tumor cell lines: MCF7 (breast), NCI-H460 (lung) and 
SF-268 (CNS) [40] (Table 1). In the current protocol each cell line was inoculated and pre-incubated 
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on a microtiter plate, test agents were then added at a single concentration, and the culture incubated for 48 h. 
End point determination was made with sulforhodamine B, a protein-binding dye (alamar blue) [41]. The results 
for each test agent were reported as the percent of growth of the treated cells when compared to the untreated 
control cells. Compounds that reduced the growth of any cell line to approximately 32% or less were judged as 
having antitumor activity. 
 Regarding the results displayed in Table 1, these compounds were relatively inactive. The structure-
activity relationship proved that substitution of the benzopyran-2-one ring with the 1,5-disubstituted 
1,2,4-triazole residues would not affect the anticancer activity profile of these compounds in comparison with 
the corresponding analogue Geiparvarin 1, which exhibited a significant activity against sarcoma 180, Lewis 
lung carcinoma, P-388 lymphocytic leukemia, and Walker 256 carcinosarcoma. 

 
TABLE 1. In Vitro Primary Antitumor Activity Data for the Selected 
Compounds 
 

Growth percentage of tumor cells* (human) 
Compound 

Number 
assigned by 

NCI 
lung 

NCI-H460 
breast 
MCF7 

CNS 
SF-268 

 
9a 

 
726115 

 
98 

 
64 

 
91 

9c 726231 101 107 108 
9e 726241 57 73 88  

_______ 
* Sample concentration 1×10-4 M. Results for each test agent are reported as 
the percentage growth of the treated cell compound to the untreated cells. 

 
TABLE 2. In Vitro Anti-HIV-1 (IIIB) and HIV-2 (ROD) Activity of 
Triazolocoumarin Compounds 
 

Com- 
pound Strain IC50, µg/ml* CC50, µg/ml*2 SI*3 

 
3 

 
IIIB 
ROD 

 
> 70.8 
> 67 

 
70.8 
67 

 
< 1.0 
< 1.0 

9a IIIB 
ROD 

> 82.2 
   88.3 

82.2 
88.3 

< 1.0 
< 1.0 

9b IIIB 
ROD 

> 70.2 
> 66.3 

70.2 
66.3 

< 1.0 
< 1.0 

9c IIIB 
ROD 

> 25 
> 25 

25 
25 

< 1.0 
< 1.0 

9d IIIB 
ROD 

> 59.3 
> 60.8 

59.3 
60.8 

< 1.0 
< 1.0 

9e IIIB 
ROD 

> 97.4 
> 113 

97.4 
113 

< 1.0 
< 1.0 

11a IIIB 
ROD 

> 12.2 
> 14.1 

12 
14.1 

<1.0 
< 1.0 

11b IIIB 

ROD 
> 0.17 
> 0.29 

0.17 
0.29 

< 1.0 
< 1.0  

_______ 
* Effective concentration of compound required to achieve 50% protection 
of MT-4 cells against the cytopathic effect of HIV. 
*2 Cytotoxic concentration of compound required to reduce the viability of 
Mock-infected MT-4 cells by 50%. 
*3 Selectivity index: ratio of CC50/IC50.
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 Compounds 3 and 9a-e were evaluated for their anti-HIV activity in vitro using the IIIB strain for HIV-1 
and the ROD strain for HIV-2, and monitored by the inhibition of virus-induced cytopathy in MT-4 cells. The 
results are summarized in Table 2. None of the tested compounds was found to inhibit HIV-1 or HIV-2 
replication in vitro at IC50 lower than the cytotoxic concentration (CC50). Compound 11b showed some 
encouraging result by inhibition of HIV-1 with IC50 value > 0.17 µM but with a CC50 of 0.17 µg/ml, resulting in 
a selectivity index of <1.0, after which no selectivity could be observed. 
 The structure-activity relationship suggested that compounds with the carbon-coumarin linkage 
manifested a higher HIV inhibitory activity than that of the corresponding analogues having the oxygen linkage. 
Such a result would lead us to modify our new target molecules by introduction of more potential groups with a 
carbon linkage.  
 
 
EXPERIMENTAL 
 
 Melting points are uncorrected and measured on Büchi melting point apparatus B-545 (BÜCHI 
Labortechnik AG, Switzerland). Microanalytical data were performed by Vario, Elementar apparatus 
(Shimadzu). NMR spectra were recorded at 250 and 600 MHz (1H) and at 150.91 MHz (13C) spectrometers 
(Bruker, Germany) in CDCl3 with TMS as an internal standard. The signal assignments for protons were 
identified by selective proton decoupling or by COSY spectra. Heteronuclear assignments were verified by 
1H-13C COSY or HMQC experiments. Mass spectra were recorded on 70 eV EI and FAB MAT 8200 
spectrometers (Finnigan MAT, USA), using nitrobenzyl alcohol or glycerol as matrices. 
 2-(2H-Benzopyran-7-yloxy)acetonitrile (3). A solution of coumarin 2 (1.50 g, 9.25 mmol) in DMF 
(30 ml) containing K2CO3 (1.90 g, 13.74 mmol) was stirred with 2-chloroacetonitrile (0.76 g, 10.0 mmol) for 4 h 
at 90°C. After cooling, the solution was evaporated to dryness and the residue was partitioned between CHCl3 
(3 × 30 ml) and water (40 ml). The combined organic extracts were dried (Na2SO4), filtered off, and evaporated 
to dryness. Recrystallization from EtOH gave nitrile 3 (1.52 g, 82%); mp 140-141°C (dec.). 1H NMR, δ, ppm 
(J, Hz): 8.00 (1H, d, J = 9.5, H-4); 7.70 (1H, d, J = 8.6, H-5); 7.17 (1H, d, J = 2.3, H-8); 7.06 (1H, dd, J = 2.3, 
J = 8.6, H-6); 6.34 (1H, d, J = 9.5, H-3); 5.29 (2H, s, CH2-1'). 13C NMR, δ ppm: 160.1 (C-2), 159.2 (C-7), 155.1 
(C-8a), 144.1 (C-4), 129.9 (C-5), 116.2 (CN), 113.9 (C-6), 113.8 (C-3), 112.6 (C-4a), 102.0 (C-8), 54.0 (CH2). 
Mass spectrum, m/z (Irel, %): 201 [M+] (92). Found, %: C 65.43; H 3.42; N 6.82. C11H7NO3. Calculated, %: 
C 65.67; H 3.51; N 6.96. 
 7-[(1,5-Dialkyl-1H-1,2,4-triazol-3-yl)methoxy]coumarin (9) (General Procedure). To a stirred, 
cooled (-60°C) solution of the required azo compound 4 (3.0 mmol) and nitrile 3 (0.32 g, 2.0 mmol) in dry 
CH2Cl2 (20 ml) was added dropwise a solution of SbCl5 (3.0 mmol) in dry CH2Cl2 (30 ml). The solution was left 
to stand with stirring at -60°C for 1 h, then at 0°C for 1 h and finally at 23°C for 10 min, followed by addition of 
pentane (50 ml). The precipitated solid was dissolved in MeCN (40 ml), cooled to 0°C, followed by addition of 
NaHCO3 aqueous solution (2.52 g, 30 mmol in 30 ml of water) and NH3 solution (2 ml). The mixture was stirred 
at room temperature for 2 h, then the organic solvent was evaporated and the residue was extracted with CHCl3 
(3 × 20 ml). The combined organic extracts were dried (Na2SO4), filtered, and evaporated to dryness, the residue 
was recrystallized from EtOH or CHCl3–pentane, and the oily compounds were purified on SiO2 column. 
 7-[(1,5-Dimethyl-1H-1,2,4-triazol-3-yl)methoxy]coumarin (9a). From compound 4a (0.54 g). 
Yield 0.45 g (83%); mp 188-189°C. 1H NMR, δ, ppm (J, Hz): 7.60 (1H, d, J = 9.5, H-4); 7.33 (1H, d, J = 8.2, 
H-5); 6.92 (2H, m, H-6,8); 6.21 (1H, d, J = 9.5, H-3); 5.08 (2H, s, CH2); 3.78 (3H, s, N–CH3); 2.43 (3H, s, 
C-5-CH3). 13C NMR, δ, ppm: 161.5 (C-2), 161.1 (C-3'), 157.4 (C-7), 155.6 (C-8a), 153.3 (C-5'), 143.3 (C-4), 
128.6 (C-5), 113.2 (C-6), 113.1 (C-3), 112.8 (C-4a), 101.9 (C-8), 63.8 (CH2), 35.2 (N–CH3), 11.8 (C-5-CH3). 
Mass spectrum, m/z (Irel, %): 271 [M+] (80). Found, %: C 61.72; H 4.75; N 4.67. C14H13N3O3. Calculated, %: 
C 61.99; H 4.83; N 15.49.  
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 7-[(1-Ethyl-5-methyl-1H-1,2,4-triazol-3-yl)methoxy]coumarin (9b). From compound 4b (0.42 g). 
Yield 0.46 g (85%); mp 90-91°C. 1H NMR, δ, ppm (J, Hz): 7.60 (1H, d, J = 9.5, H-4); 7.33 (1H, d, J = 8.4, H-5); 
6.93 (2H, m, H-6,8); 6.21 (1H, d, J = 9.5, H-3); 5.09 (2H, s, CH2); 4.08 (2H, q, J = 7.4, CH2CH3); 2.44 (3H, s, 
N–CH3); 1.42 (3H, t, J = 7.4, CH2CH3). 13C NMR, δ, ppm: 161.6 (C-2), 161.1 (C-3'), 157.4 (C-7), 155.6 (C-8a), 
152.4 (C-5'), 143.3 (C-4), 128.6 (C-5), 113.2 (C-6), 113.1 (C-3), 112.8 (C-4a), 101.9 (C-8), 63.8 (CH2), 43.4 
(CH2CH3), 14.8 (CH2CH3), 11.8 (C-5-CH3). Mass spectrum, m/z (Irel, %): 285 [M+] (80). Found, %: C 62.92; 
H 5.22; N 14.49. C15H15N3O3. Calculated, %: C 63.15; H 5.30; N 14.73. 
 7-[(1,5-Diethyl-1H-[1,2,4]-triazol-3-yl)methoxy]coumarin (9c). From compound 4c (0.42 g). 
Yield 0.44 g (73%); mp 122-123°C. 1H NMR, δ, ppm (J, Hz): 7.60 (1H, d, J = 9.5, H-4); 7.33 (1H, d, J = 8.3, 
H-5); 6.95 (2H, m, H-6,8); 6.21 (1H, d, J = 9.4, H-3); 5.10 (2H, s, CH2); 4.08 (2H, q, J = 7.4, CH2CH3); 2.73 
(2H, q, C-5"-CH2CH3); 1.43 and 1.34 (6H, 2t, 2CH2CH3). 13C NMR, δ, ppm: 161.7 (C-2), 161.1 (C-3'), 157.4 
(C-7), 157.1 (C-8a), 155.6 (C-5'), 143.3 (C-4), 128.6 (C-5), 113.2 (C-6), 113.1 (C-3), 112.7 (C-4a), 101.9 (C-8), 
64.0 (CH2), 43.1 (N–CH2CH3), 19.3 (C-5-CH2CH3), 15.1 (N–CH2CH3), 11.8 (C-5-CH2CH3). Mass spectrum, m/z 
(Irel, %): 299 [M+] (83). Found, %: C 64.01; H 5.67; N 13.92. C16H17N3O3. Calculated, %: C 64.20; H 5.72; 
N 14.04. 
 7-[(1-Isopropyl-5-methyl-1H-1,2,4-triazol-3-yl)methoxy]coumarin (9d). From compound 4e (0.42 g). 
Yield 0.43 g (72%); mp 94-96°C. 1H NMR, δ, ppm (J, Hz): 7.61 (1H, d, J = 9.5, H-4); 7.33 (1H, d, J = 8.4, H-5); 
6.94 (2H, m, H-6,8); 6.22 (1H, d, J = 9.5, H-3); 5.10 (2H, s, CH2); 4.43 (1H, m, CH(CH3)2); 2.44 (3H, s, C-5'-
CH3); 1.48 and 1.46 (6H, 2s, CH(CH3)2). 13C NMR, δ, ppm: 161.8 (C-2), 161.1 (C-3'), 157.3 (C-7), 155.7 (C-8a), 
151.8 (C-5'), 143.3 (C-4) 128.6 (C-5), 113.2 (C-6, C-3), 112.8 (C-4a), 102.0 (C-8), 64.0 (CH2), 50.2 (N-1'-
CH(CH3)2), 22.2 (N-1'-CH(CH3)2), 11.9 (C-5'-CH3). Mass spectrum, m/z (Irel, %): 299 [M+] (70). Found, %: 
C 64.01; H 5.69; N 13.86. C16H17N3O3. Calculated, %: C 64.20; H 5.72; N 14.04. 
 7-[(6,7,8,9-Tetrahydro-5H-[1,2,4]-triazolo[1,5-a]azepin-2-yl)methoxy]coumarin (9e). From 
compound 4e (0.42 g). Yield 0.51 g (81%); mp 159-160°C. 1H NMR, δ, ppm (J, Hz): 7.60 (1H, d, J = 9.4, H-4); 
7.32 (1H, s, J = 8.2, H-5); 6.93 (2H, m, H-6,8); 6.19 (1H, d, J = 10.7, H-3); 5.01 (2H, s, CH2); 4.22 (2H, m, 
CH2-5'); 2.92 (2H, m, CH2-9'); 1.85 (2H, m, CH2-6'); 1.80 (2H, m, CH2-8'); 1.71 (2H, m, CH2-7'). 13C NMR, 
δ, ppm: 161.6 (C-2'), 161.1 (C-10'), 158.3 (C-7), 156.3 (C-8a), 143.3 (C-4), 128.6 (C-5), 113.1 (C-6, C-3), 112.8 
(C-4a), 101.9 (C-8), 63.8 (CH2), 51.2 (C-5'), 30.1 (CH2-9'), 27.3 (CH2-7'), 27.3 (CH2-8'), 24.7 (CH2-7'). Mass 
spectrum, m/z (Irel, %): 311 [M+] (72). Found, %: C 65.39; H 5.44; N 13.38. C17H17N3O3. Calculated, %: 
C 65.58; H 5.50; N 13.50. 
 5-Methoxy-4-methyl-7-[(1,5-dimethyl-1H-1,2,4-triazol-3-yl)methyl]coumarin (11a). From 
compounds 4a (0.54 g) and 10 (0.46 g, 2.0 mmol). Yield 0.51 g (85%); mp 173-175°C. 1H NMR, δ, ppm (J, Hz): 
6.85 (1H, s, H-8); 6.70 (1H, s, H-6); 6.05 (1H, s, H-3); 5.05 (2H, s, CH2); 3.89 (3H, s, OCH3); 3.75 (3H, s, 
N–CH3); 2.52 (3H, s, C-4-CH3); 2.41 (3H, s, C-5'-CH3). 13C NMR, δ, ppm: 161.2 (C-2); 160.9 (C-3'); 157.9 
(C-5); 152.8 (C-4, C-5'); 150.8 (C-8a), 136.2 (C-7), 112.2 (C-3, C-8), 109.3 (C-4a, C-6), 62.7 (CH2), 56.1 
(OCH3), 35.2 (N–CH3), 21.2 (C-4-CH3), 11.7 (C-5-CH3). Mass spectrum, m/z (Irel, %): 299 [M+] (90). Found, %: 
C 64.11; H 5.61; N 13.87. C16H17N3O3. Calculated, %: C 64.20; H 5.72; N 14.04. 
 7-[(6,7,8,9-Tetrahydro-5H-[1,2,4]-triazolo[1,5-a]azepin-2-yl)methyl]-5-methoxy-4-methylcoumarin 
(11b). From compounds 4e (0.42 g) and 10 (0.51 g, 2.0 mmol). Yield 0.49 g (75%); mp 148-151°C. 1H NMR, 
δ, ppm (J, Hz): 6.82 (1H, s, H-8); 6.68 (1H, s, H-6); 6.07 (1H, s, H-3); 5.01 (2H, s, CH2); 4.22 (2H, m, CH2-5'); 
3.85 (3H, s, OCH3); 2.92 (2H, m, CH2-9'); 2.50 (3H, s, C-4-CH3); 1.85 (2H, m, CH2-6'); 1.80 (2H, m, CH2-8'); 
1.71 (2H, m, CH2-7'). 13C NMR, δ, ppm: 161.6 (C-2), 161.1 (C-2'), 158.1 (C-2', C-7), 152.5 (C-4), 112.0 (C-3, 
C-8), 109.1 (C-4a, C-6), 63.8 (CH2), 56.0 (OCH3), 51.2 (C-5'), 30.1 (CH2-7') 27.3 (CH2-9'), 27.3 (CH2-8'), 24.7 
(CH2-7'), 21.1 (C-4-CH3). Mass spectrum, m/z (Irel, %): 339 [M+] (91). Found, %: C 67.01; H 6.17; N 12.16. 
C19H21N3O3. Calculated, %: C 67.24; H 6.24; N 12.38.  
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